Summary
Introduction
With the urgent need of a predictive ecology, focusing on traits rather than species identities has contributed to a better understanding of general relationships linking communities to environments regardless of their species composition (McGill et al. 2006; Messier, McGill & Lechowicz 2010) . The analysis of trait distribution within and among plant and animal communities has shed light on different filtering processes and constraints on community assembly along environmental gradients Podgaiski et al. 2013) . Competition and other biotic interactions are expected to lead to trait overdispersion, or divergence, within a community as coexistence is dependent on the limitation of similarities in resource use among species (MacArthur & Levins 1967; Pillar et al. 2009 ). Conversely, strong abiotic filters are expected to generate an underdispersed, or convergent, trait distribution by constraining the range of possible trait values (Cornwell, Schwilk & Ackerly 2006; Pillar et al. 2009 ). Despite the recent advances in trait-based community ecology, there are still debates regarding the relative importance of environmental filters especially at small scale where local dispersal (stochastic process) and biotic interactions (deterministic process) may prevail over abiotic environmental constraints (Bell 2005; Bernard-Verdier et al. 2012; Widenfalk et al. 2015) .
Terrestrial ecosystems are composed of two interdependent compartments: above-and below-ground (Hooper et al. 2000) . We are increasingly learning that soil biota is closely related to above-ground plant communities (Scheu 2001; Wardle, Bardgett & Klironomos 2004) . There is compelling evidence that soil biota is responsive to the quality and quantity of organic matter inputs as well as to the changes in microenvironmental conditions associated with changes in plant diversity (Wardle, Bardgett & Klironomos 2004) . As a feedback, by degrading litter, the below-ground compartment, for example, controls nutrients availability for plants (Bardgett & Chan 1999) . By doing so, the soil invertebrate fauna can also structure plant communities (Bonkowski & Roy 2012) and succession dynamics (De Deyn et al. 2003) , and therefore ecosystem properties, through modifications of plant competitive ability through antagonistic and mutualistic relationships (Wardle, Bardgett & Klironomos 2004) . As a consequence, these interactions between soil fauna and plants are central in regulating ecosystem processes such as soil respiration (Heemsbergen et al. 2004; Coleman & Whitman 2005) and litter mass loss (Heemsbergen et al. 2004; Cornwell et al. 2008) . All these contribute to global processes such as carbon cycling (Schlesinger & Andrews 2000) . The importance of these above-ground-below-ground interactions in the structuring of terrestrial ecosystems makes the concurrent study of both compartments extremely useful when evaluating ecosystem processes or community dynamics.
The relationship between functional traits and various environmental gradients has been extensively studied for plants (e.g. Cornwell & Ackerly 2009; Violle et al. 2011; Bernard-Verdier et al. 2012; Mason et al. 2012) , but less for the soil fauna (e.g. Ribera et al. 2001; Lambeets et al. 2009; Hedde, Van Oort & Lamy 2012; Salmon & Ponge 2012; Salmon et al. 2014) . Few studies assessed the relationships between two trophic levels in relation to environmental gradients using a trait-based approach (e.g. Moretti & Legg 2009; Frenette-Dussault, Shipley & Hingrat 2013; Fournier et al. 2015) . Some have, nonetheless, demonstrated a strong impact of plant functional composition on soil fauna or surface-dwelling arthropods (Frenette-Dussault, Shipley & Hingrat 2013; Gorman et al. 2013; Pakeman & Stockan 2014) . Most of this research combining plants and soil fauna either used plant traits to explain faunal taxonomic composition or used vegetation structure and composition to explain the changes in faunal traits (Gorman et al. 2013; Podgaiski et al. 2013) . However, none of them combined both analyses, which is what we intend to do in this study by focusing on both above-and below-ground traits.
We thus selected a flooding gradient, first because it is a main disturbance world-wide drastically impacting ecosystem properties and functioning (Allan & Castillo 2007) . Secondly, it offers the opportunity to have a clear abiotic gradient known to impact both plants (Lite, Bagstad & Stromberg 2005; Violle et al. 2011 ) and below-ground fauna (Russell & Griegel 2006; Lessel, Marx & Eisenbeis 2011; Sterzy nska, Shrubovych & Kaprus 2014) . Belowground, we considered Collembola as a model group. They are abundant and diverse within soils (Hopkin 1997; Coleman, Crossley & Hendrix 2004 ) and sensitive to the changes in soil abiotic variables such as soil organic matter, humidity and porosity (Joosse 1981; Didden 1987; Hasegawa 2002; Makkonen et al. 2011; Bokhorst et al. 2012) . They also show close links with plant traits (Scheu, Theenhaus & Jones 1999; Salamon et al. 2004; Endlweber & Scheu 2006) . Finally, Collembola are functionally important with respect to nitrogen cycling and plant growth (Filser 2002; Forey, Coulibaly & Chauvat 2015) .
We hypothesized a strong relationship between aboveground (herbaceous species) and below-ground (Collembola) compartments along a riparian flooding gradient and tested whether (i) the assembly (taxonomic and functional) of plant and Collembola is affected by the flooding gradient; (ii) there are clear linkages between the traits of Collembola communities and plant traits; (iii) traits of both compartments converge at high flooding intensity (abiotic filter) and diverge where this constraint is released (biotic filter).
Materials and methods

S T U D Y S I T E
The study area was located on the banks of the Seine River (France) around the town of Petiville (49Á4611 N, 0Á5883 E). Although the area is 20 km away from the estuary (English Channel), the tidal range is still between 3 m (neap tide) and 6 m (spring tide) due to the very flat slope on the last part of the river (Gu ezennec et al. 1999) . Thus, this riparian area offers a good opportunity to study periodic flooding caused by tides. The mean annual temperature ranged from 8 to 12°C, and the mean annual rainfall from 600 to 1000 mm.
The vegetation closest to the riverside was herbaceous and dominated by sedges (Cyperaceae: Scirpus sp. or Eleocharis sp.) generally followed by a monospecific reed bed [Phalaris arundinacea L. or Phragmites australis (Cav.) Trin. ex Steud.]. Willow groves (Salix sp.) with a typical riparian transition understorey were present at intermediate distances from the riverside. Poplars (Populus sp.) characterized the community closest to the dike (about 150 m from the river) protecting the floodplain from direct flooding. Thirty sampling units were placed at the study site. They were located to cover the widest possible range of hydrological, pedological, topographical and floral conditions with a minimal distance of 20 m separating them. Each of these units was sampled for plants, Collembola and several abiotic variables.
A B I O T I C V A R I A B L E S
In order to quantify flood intensity between the different sampling units, we monitored volumetric water content for 3 months using field sensors (EC-5 soil moisture sensor, Decagon Devices) and data loggers (EM5B analog data logger, Decagon Devices). At each sampling unit, bulk of soil up to a depth of 10 cm was extracted and kept in plastic bags for transportation to the laboratory. Soil samples were air-dried and sieved at 2 mm. The pH (H 2 O) was measured according to NF ISO 10390. Granulometry was assessed without sample decarbonatation for three fractions: clay, silt and sand (NF X 31-107). Limestone (CaCO3) content was measured using a Bernard calcimeter (NF ISO 10693). Total carbon and total nitrogen contents were measured by elemental analysis (NF ISO 10694 & NF ISO 13878) . A correction was made with limestone content to determine organic carbon content. Cobaltihexamine was used to assess the exchangeable cations (K and Mg) (NF X 31-130). Total conductivity was assessed using a ratio of 1 mass unit for 5 volume units. Canopy openness was evaluated visually during vegetation sampling and used to assess understorey light availability. These results were compiled in an abiotic variables matrix (E, 30 sampling units 9 12 abiotic variables).
V E G E T A T I O N
Within each sampling unit, a 2 9 2 m quadrat was randomly placed and subdivided into four 1 9 1 m subquadrats. Vascular plant species were identified within each quadrat in June 2011. In each of the four subquadrats, we counted presence-absence (0/1) of each species. Then for each species, we summed those scores leading to an occurrence value per quadrat ranging from 0 to 4. Relative contribution of each species per quadrat was calculated by dividing the single species occurrence value by total species occurrence value for a given quadrat. Species with total abundance accounting for less than 5% of total abundance were ignored for analysis (Cornelissen et al. 2003) . Trait data were obtained from the TRY Plant Trait Database (Kattge et al. 2011) . Individual data sets within the data base are referenced in Appendix S1 (Supporting Information Westoby et al. 2002) , productivity (SLA; Lavorel et al. 2007) , population recovery speed (seed mass, CSR strategies; Violle et al. 2011 ) and salinity tolerance (Ellenberg's value for salt tolerance). The qualitative variables were split into dummy variables for analysis (Table 1) . Data were stored in two separate matrices: plant relative abundance (W V , 30 sampling units 9 30 species) and plant traits (B V , 30 species 9 21 traits).
Soil Collembola were sampled twice, in May and July 2011 at each sampling unit (i.e. vegetation quadrat) by taking a soil core (diameter: 5 cm, depth: 10 cm) using a steal corer and were stored in plastic bags and cool boxes for transportation to the laboratory. Collembola were then extracted for 15 days by the dry-funnel method before being counted and identified at the species level following several keys (Gisin 1943; Hopkin 2007) . Data for both (Table 2 ). Data were stored in two separate matrices: Collembola relative abundance (W C , 30 sampling units 9 21 species) and Collembola traits (B C , 21 species 9 12 traits).
Abiotic gradient analysis
Regular tidal flooding has a variety of effects on soil properties (i.e. regular waterlogging and drainage, concentration of various elements, soil texture). In order to characterize the gradient and positioning our sampling units along a single axis, we performed a principal component analysis (PCA) on matrix E (Fig. 1 ). The first two components accounted for 81% of data variability (50Á1% and 30Á9%, respectively). Flooding intensity was strongly correlated with the first axis (94%), making the first component representative of flooding-induced changes.
Other abiotic variables were also strongly correlated with this axis, such as soil pH, soil organic matter and soil total nitrogen. We used the sampling units scores on the first component of the PCA as a synthetic variable incorporating multiple abiotic variables and representative of a flooding gradient. Thereafter, in this study, the terms 'flooding gradient' and 'flooding intensity' will refer to this synthetic abiotic variable ranging from maximum (left side of the axis 1) to minimum (right side of the axis 1) flooding. For clarity, the gradient will, thereafter, be represented on figures with the same symbol used in Fig. 1 .
Functional and taxonomic patterns
Species richness (Ric) was calculated for plants and Collembola at each sampling point. Functional diversity was assessed separately for plants and Collembola using the three complementary indices of Vill eger, Mason & Mouillot (2008) : functional richness (FRic), functional evenness (FEve) and functional divergence (FDiv).
Prior to the calculation of indices, we performed a principal coordinates analysis (PCoA) on a corrected species-by-species distance matrix with possible dimensionality reduction. FRic was then computed by finding the minimum convex hull volume that includes all species coordinates and therefore represents the volume occupied by a given community in the functional space. FEve measures the regularity of the distribution of abundance in functional space. FDiv is defined by the degree of maximization of dissimilarities between functional species and their abundance in functional space. These indices were calculated using the 'FD' R package (Lalibert e, Legendre & Shipley 2014). We attempted to relate these indices to the flooding gradient using generalized linear model (GLM). Diversity indices were log-transformed to meet the assumption of normality when required. Details on model selection for each index as well as the coefficients of significant regressions are provided in Appendix S2. All statistical analyses were performed using R software version 3.1.3 (R Core Team 2015). The significant level for all analyses was P < 0Á05.
Trait assembly patterns and intertaxa trait relationships
Trait-convergence and trait-divergence assembly patterns were assessed using the 'TCAP/TDAP' method proposed by Pillar et al. (2009) . A trait-convergence assembly pattern (TCAP) can be identified when sites nearby on an ecological gradient consistently contain species with similar traits. Conversely, a trait-divergence assembly pattern (TDAP) can be observed when the turnover in trait-based community components is related to the gradient but with communities containing species with dissimilar traits. For details regarding TCAP/TDAP calculation as applied here, see Appendix S3. We then used iterative process aimed at finding an optimal subset of traits that maximizes convergence, divergence or both (see Pillar & Sosinski Jr. 2003 ; for details). We initially assessed TCAP and TDAP within plants and Collembola communities in relation to the environmental variables. In addition, we used plants community-weighted trait means (CWM) as an environmental matrix in order to assess the plant-induced trait convergence or trait divergence within Collembola communities. All TCAP and TDAP computations were performed using the 'SYNCSA' R package (Debastiani & Pillar 2012) . While the TCAP/TDAP approach gives information on the nature of the patterns structuring community assemblages, it does not reveal the position of those patterns along the flooding gradient. In that regard, we computed mean pairwise distances (MPD) within communities (W V or W C ) based on species traits (pairwise functional distances matrix D B defined by calculating Gower's distances on matrix B). These MPDs were assessed for non-random patterns by testing against a null model. This model involved random permutations of species names within the pairwise distance matrix maintaining community taxonomic structure with randomized functional structure. Final 'random MPD' value describes a community devoid of convergence or divergence patterns. Differences between observed MPDs and random MPDs were used to identify either convergence or divergence for each community along the flooding gradient. We initially tested plants and Collembola communities against the null model using all their traits. Subsets of traits previously found to maximize convergence (TCAP), divergence (TDAP) or both were then used to test for non-randomness within the communities. A generalized linear model (GLM) was fitted on the data with the flooding gradient as The number of ocelli OCE Integer explanatory variable. This was done, for both plants and Collembola, using all their traits as well as the trait subset found to maximize both trait convergence and trait divergence in relation to the environmental data set. This was possible due to the synthetic flooding gradient's linearity. Plant CWMs used in the TCAP/ TDAP analysis as environmental conditions likely to structure Collembola communities could not be reduced to such a variable. Thus, for Collembola, we assessed significant differences in the median from 0 using a Wilcoxon one-sample test in order to confirm either a convergent (if significantly negative) or divergent (if significantly positive) trait assembly pattern. All MPD computations were done using the 'PICANTE' R package (Kembel et al. 2010) . In order to link plant traits that promote convergence of the Collembolan community, we performed a principal component analysis (PCA) on the subset of Collembolan traits exhibiting a trait-convergence assembly pattern in response to changes in community-weighted means of plant traits. Plant CWMs were added as supplementary variables to the analysis to reveal the linkages between above-and below-ground traits.
Results
D I V E R S I T Y P A T T E R N S
The relationship between taxonomic richness and flooding gradient (axis 1 of the PCA) demonstrated that plant (R² = 0Á657, P < 0Á001, n = 30; Fig. 2a) and Collembola (R² = 0Á555, P < 0Á01, n = 27; Fig. 2a ) species richness showed a unimodal response to disturbance intensity. Plant functional richness also showed a unimodal response to disturbance intensity (quadratic relationships: R² = 0Á312, P < 0Á05, n = 24; Fig. 2b ), which was not observed for Collembola (functional richness: R² = 0Á172, P = 0Á256, n = 24, Fig. 2b ). Plant functional evenness did not match any known probability distribution and could not be regressed. Collembola functional evenness was successfully modelled in response to the flooding gradient, but no significant pattern could be found (R² = 0Á042, P = 0Á460, n = 24, Fig. 2c) . No model was able to explain plant or Collembola functional divergence along the flooding gradient (R² = 0Á033, P = 0Á403, n = 24 and R² = 0Á031, P = 0Á398, n = 24, respectively).
T R A I T -C O N V E R G E N C E A N D T R A I T -D I V E R G E N C E A S S E M B L Y P A T T E R N S
The flooding gradient induced maximum convergence (ϱ = 0Á666, P = 0Á002, Table 3 ) in a subset of plant traits containing leaf nitrogen content (LNC), mesotrophic leaf texture (LTM) and a ruderal strategy (R). The same subset of traits with the addition of leaf dry matter content (LDMC) also maximized both convergence and divergence (ϱ = 0Á668, P = 0Á001, Table 3 ). Maximum divergence (ϱ = 0Á630, P = 0Á001, Table 3 ) was detected for a subset of traits composed of LNC, LDMC, R and vegetative reproduction (REPV). No subset of Collembolan traits was found to maximize either convergence or divergence using the flooding gradient as explanatory factor (Table 3) . However, the use of plant functional traits (community-weighted means, matrix T) as an explanatory variable led to significantly maximized convergence (ϱ = 0Á467, P = 0Á025) of a subset of Collembolan traits: legs length relative to body length (LLBL), the number of PAO lobes (LPAO) and a globular or cylindrical shape (GLO or CYL).
F U N C T I O N A L M E A N P A I R W I S E D I S T A N C E W I T H I N P L O T S
Differences between observed and null functional mean pairwise distances within plant communities showed no significant relationship with the flooding gradient when using all traits (quadratic relationship: R² = 0Á30, P = 0Á146, n = 27, Fig. 3 ). When using plant traits maximizing both trait convergence and divergence along the gradient (LA, LNC, LTM and R, see Tables 1 and 3) , we demonstrated a significant positive relationship with the flooding gradient (linear relationship: R² = 0Á75, P < 0Á0001, n = 27, Fig. 3) . Similarly, using all Collembola traits in relation to the gradient, we did not detect any apparent pattern (linear relationship: R² = 0Á163, P = 0Á437, n = 25) and no significant difference from 0 (i.e. random expectations; V = 191, P = 0Á458, Fig. 4) , suggesting an absence of trait convergence or divergence. When using the Collembola subset of traits maximizing trait convergence and divergence (i.e. LLBL, LPAO, CYL and GLO, see Tables 2 and 3 ) in relation to the variations in plant traits community-weighted means (matrix T), we demonstrated a significant difference from 0 (V = 37, P < 0Á001), indicating lower-than-expected mean pairwise distances, that is trait convergence. No significant relation was found between Collembolan MPDs for the trait subset and the flooding gradient (linear relationship: R² = 0Á113, P = 0Á066, n = 27, Fig. 3 ).
L I N K A G E S B E T W E E N C O L L E M B O L A N A N D P L A N T T R A I T S
Along the first (52Á98% of explained variance) and second (30Á48% of explained variance) component of the PCA, Collembolan traits shown to converge were clearly separated into two groups, LPAO and GLO on one side and PIGM and LLBL on the other side (Fig. 5) 
Discussion
A B O V E -A N D B E L O W -G R O U N D D I V E R S I T I E S A L O N G T H E G R A D I E N T
One of our aims was to assess the relationship between plant and Collembola taxonomic and functional diversities along a flooding gradient. A common response pattern between taxa was only revealed for taxonomic richness with a concave-down function. Other studies have already reported such a pattern along different flooding gradients either for plants (Lite, Bagstad & Stromberg 2005; Violle et al. 2011) or for soil arthropods/Collembola (Lambeets et al. 2009 ). This pattern matches the 'intermediate disturbance hypothesis' of Connell (1978) , which states that diversity of competing species is expected to be maximized at intermediate frequencies and/or intensities of constraints (but see Fox 2013) . Diversity is supposedly limited for high and low disturbance (or stress) level due to two contrasting phenomena: abiotic environmental filtering and interspecific interactions, respectively. The first limits the number of species able to colonize and survive under harsh environmental conditions, while the second constrains species richness through, mostly, competitive exclusion (Wilson 2007) . Contrary to our expectations, Collembola functional diversity (i.e. all three indices) as well as plant functional evenness and divergence was not found to be directly affected by the flooding gradient. Patterns of stable functional diversity in relation to varying species richness have been observed for other taxonomic groups such as bats (Stevens et al. 2003) and explained by functional redundancy between species. Only plant functional richness responded to the flooding gradient with the same concavedown pattern as observed for taxonomic richness. This relation between taxonomic and functional diversity has been previously documented for plants (Vill eger, Mason & Mouillot 2008; Biswas & Mallik 2010; Violle et al. 2011 ). In our case, taxonomic richness significantly explained 77% of the functional richness for plants, which is in the range of previous studies: 62% in Violle et al. (2011) and 87% in Vill eger, Mason & Mouillot (2008) . Collembola functional richness was also correlated but only slightly significantly (56%) with Collembola species richness. While this relationship for soil fauna was not assessed in the literature, Fournier et al. (2012) investigating earthworms in restored floodplains identified congruent patterns of species richness and functional trait diversity. However, Gerisch et al. (2012) investigating the response of ground beetles to flood disturbance found an opposite pattern of taxonomic species richness and functional diversity. They concluded that flooding disturbance increased the number of species but that species were functionally redundant. The discrepancy between taxonomic and functional patterns for soil fauna could also be explained by stochastic movements of soil fauna communities (in our case Collembola) along the gradient governed by water run-offs or tides, contrary to plants anchored in the soil. Lastly, we cannot exclude that the lack All traits Trait subset Fig. 3 . Differences between observed and null functional mean pairwise distances (MPD) within plant (points) and Collembolan (triangles) communities along the gradient. Grey: distances calculated using all traits; green/red: distances calculated using the trait subset determined to maximize convergence and divergence in vegetation traits along the gradient (LNC, LDMC, LTM and R, see Tables 1 and 3 ). Dashed line represents the limit between a convergent and divergent pattern. Solid lines are significant regressions for the corresponding data. R² values were not shown when not significant. Tables 2 and 3) . Asterisks indicate significant differences after a Wilcoxon onesample test between observed values and 0 (n.s.: P > 0Á05, ***P < 0Á001).
of functionality of the considered faunal traits (especially the lack of ecophysiological traits) in relation to flooding may obviate for detecting strong relationship between species richness and functional richness.
T R A I T P A T T E R N S A N D D R I V E R S W I T H I N C O M M U N I T Y A S S E M B L A G E S
Having evaluated for the existence of patterns of functional diversity along the flooding gradient, we then assessed the relative importance of trait convergence and divergence in relation to the abiotic variables characterizing the gradient. Regarding plants, we demonstrated that environmental variations led to consistent trait convergence and trait divergence (i.e. TCAP and TDAP) within above-ground communities, suggesting that both abiotic and biotic filters structure plant communities. Analysis of mean pairwise distances (MPDs) enabled us to reveal the relative dominance of the two assembly patterns (i.e. TCAP and TDAP) along the gradient. Trait convergence, which prevailed when flooding intensity was maximal (Fig. 3) , was maximized for a subset of traits known to have a strong influence on organic matter cycling (LNC; Fortunel et al. 2009 ), resistance to disturbance (R strategy; Grime 2001) and differentiating specialist from generalist species (LTM, R strategy). Consequently, communities observed for minimal flooding were dominated (Appendix S4) by opportunistic and generalist species (high rate of R strategy) with average leaf characteristics (high LTM) and improved competitive abilities with increased mass-based photosynthetic rate (high LNC and SLA; Cornelissen et al. 2003) . This suggests a decrease in environmental, or abiotic, filtering with plant specialization towards resistance to water stress being directly related to flooding intensity.
As revealed by MPDs analysis, the assembly pattern shifts from trait convergence to trait divergence with the decrease in flooding intensity, further supporting a shift from abiotic filtering to biotic filtering within communities. Indeed, the trait-divergence assembly pattern observed at minimal flooding separates communities according to their resource allocation to leafs (LNC and LDMC), their life strategy (R) as well as their ability for vegetative reproduction (REPV), which can impact competitive interactions and resource prospection (P erez-Harguindeguy et al. 2013) . This reflects an increased degree of variation for mean trait values between communities less exposed to flooding. As per our initial hypothesis, this suggests a decrease in environmental trait filtering. A similar shift was found by Violle et al. (2011) for a limited number of traits, suggesting flooding gradient induced convergence in some traits as well as divergence caused by biotic interactions in others. Our results show once again that an abiotic gradient can significantly alter community functional structure.
Regarding Collembola, the TCAP/TDAP approach allowed us to demonstrate that only plant functional traits and not the considered abiotic filters explain their functional trait patterns. This result emphasizes the determinant role of plant characteristics and function for Collembola communities. While the considered environmental variables were found to be suitable to explain plant functional diversity, other soil properties could have proved to have more impact on Collembola. In addition, and contrary to plants that are anchored in the soil, Collembola have several behavioural mechanisms at their disposal in order to escape flooding. One such mechanism is passive drifting, which has been documented for the Protaphorura genus (Marx et al. 2009 ) in flooded riparian areas. Collembola have also been observed climbing on vertical surfaces in order to avoid the rising tide (M. Chauvat, personal observation), and some Collembolan species are known to climb on plants or tree trunks (Ponge 1993) . Such mechanisms could reduce the need for morphological adaptations to flooding disturbance. This could limit the potential response of Collembola to flooding when only morphological traits are used. Such adaptations could explain a lack of a strong response of Collembola in our study, the considered morphological traits being only weakly filtered by abiotic variables.
A significant trait-convergence assembly pattern was identified among Collembola communities for a subset of morphological (LLBL, GLO), perception (LPAO) and habitat-related (PIGM) traits (Table 3) when considering community-weighted plant traits. This shows that Collembolan communities' functional assembly can be driven and filtered by their biotic environment through a limitation of trait variation. Under highly productive and disturbanceadapted plant communities (high SLA, LNC and low LDMC; Fig. 5 ; Cornelissen et al. 2003) , we found Collembolan communities dominated by low-pigmented species with a high capacity for chemical perception (high LPAO; Ryan 2002) corresponding to deep soil-living organisms (Gisin 1943; Vandewalle et al. 2010) . The high GLO values under the same plant communities reflect the common presence of two small species of Symphypleona (with globular body) Megalothorax minimus and Arrhopalites caecus. Highly productive plants, found at low flooding rate, may promote abundance of deep soil-living Collembola by improving trophic resources in the soil through delivery of high quality and quantity of litter. This was corroborated by the increased organic carbon and nitrogen content (Fig. 1) in low flooding sites. Conversely, Collembola communities under poor-quality litter (low SLA, LNC and high LDMC) were dominated by highly mobile (high LLBL) surface-dwelling species (high PIGM) able to forage further for the limited trophic resources (Chauvat, Perez & Ponge 2014) . Functionally, deep soil-living and surface-dwelling Collembola are different as they are traditionally ascribed to different life strategy with the surface species being rather r-strategists and the soil species more K strategists (Petersen 2002) . Furthermore, deep soil-living species are often reported as having more effect than surface species on C and N cycling (Petersen 2002) , possibly through a higher connection to soil microflora (Filser 2002) .
For the first time, we clearly linked above-ground plant traits and Collembola traits despite the presence of a strong abiotic gradient (flooding). Previous studies had, however, already shown that Collembolan life-forms (groups based on traits; Gisin 1943) can be influenced by changes within plant community taxonomic structure (Salamon et al. 2004; Chauvat et al. 2011; Eisenhauer, Sabais & Scheu 2011; Perez et al. 2013) , indirectly suggesting a response of several Collembolan traits to plant traits. In this study, we only used epigeous plant traits when endogenous plant traits (i.e. root traits) could have been more appropriate for soil Collembola. However, several studies have demonstrated a strong correlation between leaf traits and their root counterpart (e.g. Craine, Froehle & Tilman 2001) , making them a valid proxy. Data on Collembolan feeding guilds would also have been particularly interesting and would have enabled us to assess the relationship between distinct guilds (especially preferential herbivores) and plant communities. Such data are, however, regrettably rare and heterogeneous (e.g. Berg, Stoffer & Van Den Heuvel 2004; Chahartaghi et al. 2005) . Nevertheless, we are confident that there is a strong linkage between plant and Collembolan communities through their traits. Indeed, the literature suggests the prime importance of abiotic conditions to filter Collembolan communities (e.g. Kardol et al. 2011; Makkonen et al. 2011; Bokhorst et al. 2012 ; Sterzy nska, Shrubovych & Kaprus 2014), which was not observed here contrary to the influence of plants.
Conclusion
Combining a taxonomical and a trait-based approach allowed us to depict responses of both above-ground and below-ground compartments to a flooding gradient. We showed that both plant species and functional richness responded to the flooding gradient. We identified both trait-convergence and trait-divergence assembly patterns with varying flooding intensity. This showed a filtering of plant community assembly by abiotic parameters in perturbed environment and biotic filtering within more stable environmental conditions. While Collembola functional diversity proved unresponsive to the flooding gradient, community functional assembly was controlled through a subset of traits converging in response to plant traits at a community scale. We then clearly showed which plant traits were most responsible for the convergence within Collembolan traits. We believe that the use of functional traits in above-ground-below-ground studies should be further explored to improve our understanding of community assembly. Finally, more fundamental studies on soil fauna traits, quantifying both their responses to biotic and abiotic environmental conditions and their effect on ecological processes, are also required.
Plant trait data (B V ): data available on request from the TRY Database (http://www.try-db.org).
Abiotic environmental data (E): DRYAD entry http://dx.doi.org/ 10.5061/dryad.kk744 (Abgrall et al. 2016) .
